Introduction
Beginning in fiscal year 1984, Medicare implemented the prospective payment system (PPS) for hospital inpatient care to replace the inflationary incentives of cost-based reimbursement with incentives to encourage efficiency. In addition to this effort by the Federal Government, several States have adopted payment policies designed to control inflation in hospital costs. Despite these attempts to change hospitals' financial incentives, Medicare cost per case has continued to rise at a rapid rate. During the first 3 years of PPS, cost per case in general hospitals rose 28.4 percent, while the price of the hospital market basket rose only 11.0 percent. The real increase in average cost, therefore, was 15.7 percent (or 5.0 percent annually).
The purpose of this study was to identify factors likely to be responsible for these increases and to provide estimates of their relative contributions. We used patient-level Medicare cost data from a panel of 4,310 hospitals to decompose the increase in real average cost into two components: changes in the cost of producing discharges within DRGs (intensity change) and changes in the distribution of cases across DRGs (case-mix change). The terms "intensity" and "case mix" are often used with ambiguous or context-specific meanings. In this article, intensity refers to the cost or quantity of services provided to treat cases within a particular DRG; case mix refers to the distribution of cases across DRGs.
Both the cost of treating cases within a DRG and the distribution of cases across DRGs may be affected by changes in the relative frequency of patients' diagnoses and conditions, changes in coding practices, changes in the settings in which care is delivered, and other changes in technology and treatment practices. For example, the diffusion of new technologies may affect the cost of treating cases within particular DRGs. It may also affect the number of cases assigned to a DRG, particularly where the DRG assignment depends on the procedures performed. We attempted to measure directly two types of factors likely to have contributed to the increase in both intensity and case mix: changes in the technology employed to provide inpatient care and changes in the settings in which services are provided (particularly the shift to outpatient delivery of services). We developed measures of the contribution of technology change to both within-and across-DRG cost changes. We also developed measures of the contribution of the outpatient shift to these cost changes.
In the case of intensity change, we expected that the diffusion of high-cost technology would raise the cost per case in some DRGs and, specifically, within certain cost centers in those DRGs. We also expected that the shift to outpatient delivery of services would raise the average cost in some DRGs (and the overall average cost per case) because cases requiring relatively more resources to treat would be more likely to be admitted to a hospital, whereas less resource-intensive cases would be treated on an outpatient basis.
For case-mix change, we expected that the diffusion of technologies would contribute to increases in the number of patients assigned to DRGs affected by technological change. Such increases would be particularly likely to occur if the DRG assignment is dependent on procedure codes or if the availability of a new technology warrants admission for conditions that previously might not have been treated on an inpatient basis. We also expected that the shift to outpatient delivery of service would be most likely to occur among low-cost DRGs. This would raise the proportion of cases in relatively high-cost DRGs, thereby increasing the average cost per case.
National Medicare data do not allow us to measure directly within-DRG changes in intensity because of greater use of services (that is, intermediate products) per patient. California hospitals do report cost center level measures of service units that can be compared across hospitals. Therefore, we used California data to examine two components of intensity change: the quantity of intermediate products provided per discharge (service intensity) and the cost of producing intermediate products.
It is important for policymakers to understand the extent to which technology and service intensity contributed to increases in average cost because these factors may generate different sets of policy issues and options. To the extent that cost inflation is related to changes in the technologies used to provide care, policymakers may wish to evaluate new technologies more closely and monitor their diffusion. For example, the Prospective Payment Assessment Commission (ProPAC) considers technological advancement as an explicit, discrete factor in determining its recommendation for updating PPS payments. ProPAC's recommendation for technological advancement, however, is based on projected cost increases resulting from new technologies. Little empirical work has been conducted since the implementation of PPS to assess the actual impact of changes in technology on the average cost of care provided to Medicare patients.
Cost increases related to increases in the average intensity of inputs (such as labor, laboratory tests, and pharmaceuticals) are likely to occur in DRGs where outpatient care can be substituted for hospitalization. This growth in average intensity and in per-case costs should stabilize as the transition from inpatient to ambulatory treatment for certain conditions is completed. However, policymakers may wish to monitor the costs of ambulatory treatment of conditions that formerly required hospitalization to ensure that savings in hospital expenditures are not offset by increases in outpatient expenditures. Policymakers may also wish to evaluate the effects of site substitution on quality of care.
Data
The analyses rely on three sources of data: Medicare Cost Reports, a sample of patient bills from the Medicare Provider Analysis and Review (MEDPAR) files, and California Hospital Disclosure Reports.
Medicare Cost Reports provide data on hospital characteristics, costs, and charges. The Medicare Cost Reports group data for hospitals' fiscal years that begin during the relevant Federal fiscal year. To permit comparisons of costs during comparable periods, the cost report data were converted from hospital fiscal years to calendar years. These calendar year cost reports were used to calculate per diem costs for the daily service cost centers (routine and intensive care) and to calculate cost-to-charge ratios for ancillary cost centers. We used the cost reports for the year hospitals were paid under provisions of the Tax Equity and Fiscal Responsibility Act of 1982 (TEFRA) and PPS1 through PPS5 (that is Federal fiscal years 1983 through 1988). MEDPAR files contain patient-level data on length of stay and on charges by cost center. We used a 16-percent sample of Medicare discharges in both 1984 and 1987. We multiplied the routine and special care per diem costs from the cost reports by patient length of stay to obtain costs for routine and intensive care daily services for an individual patient bill. For the 12 ancillary cost centers, we multiplied cost-to-charge ratios from the cost reports by total charges in each cost center to estimate ancillary service costs. 
Changes in utilization and costs
The number of Medicare discharges in the national panel of hospitals fell 11.65 percent between 1984 and 1987. During the same period, the average cost of a hospital stay by Medicare patients rose 28.4 percent, from $2,957 to $3,798. However, the price of hospital inputs rose by 11.0 percent between 1984 and 1987 (Federal Register, 1990 . Therefore, the real average cost per case was 15.7 percent higher in 1987 than in 1984. Henceforth, all references to 1987 costs and rates of change in costs will be real-using the market basket to deflate 1987 costs to 1984 levels. We recognize, however, that the market basket may not be the ideal index for deflating costs at the cost center level.
Costs did not rise uniformly across cost centers ( Table 1 ). The average cost per case of routine daily services fell 2.6 percent. By contrast, the average cost per case for intensive care daily services rose more than 30 percent. The combined cost per case of routine and intensive care increased 4.2 percent-from The average cost per case of ancillary services rose 24.8 percent, from $1,656 to $2,067. Most of the dollar increase in ancillary cost per case was concentrated in six high-volume cost centers: pharmacy, medical supplies, radiology, laboratory, operating room, and inhalation therapy. Although the laboratory cost center experienced a large rise in dollar terms, the rate of increase was lower than the average for all ancillary service cost centers. Low-volume cost centers that experienced particularly large percent increases in cost per case included occupational therapy, speech therapy, and blood products. In general, these appear to be relatively labor-intensive cost centers that often involve several interventions per stay. By contrast, more capital-or supply-intensive cost centers, including anesthesia, laboratory, medical supplies, and operating room, experienced near-or below-average rates of increase.
Intensity and case-mix decomposition
The $465 total change in real cost per case can be disaggregated into an intensity (within-DRG) effect and a case-mix (across-DRG) effect:
Here p 87i is the proportion of discharges in DRG i in 1987, C 84 is the overall average cost per case in 1984, C 84i is the average cost of DRG i in 1984, and is the value of the variable in 1987 minus the value in 1984.
1 The first factor on the right-hand side shows the changes in average intensity, holding case mix constant at 1987 levels. The second factor shows the effect of changes in case mix on average cost, holding costs per case constant at their 1984 levels.
At the DRG level, the intensity effect shows the contribution of each DRG's change in average cost per case to the overall change. Likewise, the case-mix effect indicates how much the change in the proportion of cases in a DRG contributed to the overall increase. Case-mix change reflects changes in both the proportion of cases in a DRG and the relative costliness of the DRG. A positive case-mix effect will result from either an increase in the proportion of cases in a DRG that costs more than the overall average or a decrease in the proportion of cases in a less costly DRG.
This analysis focuses on changes in case mix between 1984 and 1987 that were due to changes in the relative frequency of the conditions treated in hospitals. Caseprogram (DRG grouper) that assigns cases to DRGs and by the coding practices that determine which conditions and procedures are recorded for use by the DRG grouper. This analysis controlled for DRG grouper effects by applying the 1987 version of the DRG grouper to discharges in both years. It was not possible, however, to control for changes in coding practices (Carter, Newhouse, and Relies, 1990) .
Intensity changes accounted for about $134 of the $465 increase in average cost (Table 2) . Case-mix changes accounted for the other $330. More than 90 percent of the overall increase is attributable to 179 DRGs in which both the intensity and case-mix effects were positive. By contrast, the intensity and case-mix effects were both negative in only 51 DRGs. In DRGs that had a positive intensity effect and a negative case-mix effect (or vice versa), the magnitude of the positive effect was generally larger.
We expected that the diffusion of technology and the shift of services to outpatient settings would contribute to the higher costs attributed to the intensity and case-mix effects. In the following sections, we develop estimates of the contributions of these factors to the intensity and case-mix effects.
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Effects of technological diffusion
We suspected that much of the increase in average cost was due to changes in the technology employed to treat certain conditions. In the following sections, we identify DRGs affected by technological diffusion, and we develop measures of the contribution of technological diffusion to within-and across-DRG changes in costs. Despite using the technology label, we were unable to verify that cost changes were due to technological developments.
Effects on within-diagnosis-related group intensity
Cost-increasing changes in intensity occurred in 256 DRGs. In this section, we identify DRGs that experienced cost-increasing technology changes and measure the contribution of technology to the overall increase. We define technology broadly, as the way in which resources are combined to produce an output. We do not measure the effect on cost per case of a few specific diagnostic or therapeutic innovations. We measure output by the number of discharges in a given DRG and the consumption of resources by changes in cost at the DRG/cost-center level.
To identity DRGs that experienced real cost increases because of a technology change, we selected DRGs for which the rate of growth in costs exceeded the overall rise. We eliminated DRGs with fewer than about 1,000 discharges in the Medicare population in either 1984 or 1987. We then looked for changes in cost per case at the DRG/cost-center level. We applied two screens to control for variations in inflation in inputs among cost centers: We eliminated DRG/cost-center combinations that did not experience a real cost increase or did not show a larger percent increase in cost per case that the overall increase for the cost center. Finally, we selected all DRGs in which a single cost center accounted for at least 30 percent of the DRG's cost increase. This procedure identified 84 DRGs as having experienced cost-increasing technological change in particular cost centers. None of these DRGs accounted for more than 4 percent of total costs or cases in 1987, and many accounted for less than one-tenth of 1 percent of either costs or cases. As a group, these DRGs accounted for 18.9 percent of total 1987 costs and 20.1 percent of 1987 cases.
We estimated the contribution of technological change in the DRG/cost center to the overall increase by multiplying the percent of cases in each DRG in 1987 by the DRG/cost center(s) increase in cost per case, using the following formula:
Here p 87i is the proportion of cases in DRG i in 1987 and C ij is the 1987 cost per case for DRG i in technology-chan same DRG/cost-center combination. This allowed us to calculate the portion of the total within-DRG effect attributable to the technology-change DRG/cost center(s), controlling for case-mix change.
Changes in the technology cost centers of most of these DRGs contributed less than one-tenth of 1 percent of the overall increase in cost per case. Only three DRGs accounted for more than 1 percent of the increase. In aggregate, the higher cost in the technology cost centers in these 84 DRGS accounted for almost $45 (9.6 percent) of the overall increase (Table 3) .
More than one cost center met the selection criteria in nine DRGs. In 10 DRGs, the increase in cost per case in the technology cost centers was partially offset by decreases in other cost centers.
Technology changes occurred in the routine or intensive care daily service categories of nine DRGs. These DRGs would not be considered technology-change DRGs if the definition of technology change were limited to diagnostic or therapeutic innovations. These DRGs do qualify when technology is defined broadly as the way in which resources are combined to produce a discharge. In these DRGs, the cost of daily service inputs (presumably nursing labor) required to produce a discharge rose substantially. The greater daily service requirements reflect an increased length of stay in some DRGs (for example, DRGs 57 and 424) because of an increase in average severity of illness within the DRG or a change in treatment methods. Average length of stay declined in the other DRGs with technology-related increases in daily service costs. In either case, the change in daily service requirements represented both an absolute and relative increase in the portion of daily service inputs required to produce a discharge.
The DRG/cost-center combinations listed in Table 3 indicate that our selection criteria for identifying technology-change DRGs had a degree of face validity. For example, medical DRGs have increases in pharmacy charges, surgical DRGs have increases in operating room charges, the pacemaker DRG has an increase in supply charges, and several medical DRGs have increases in radiology charges probably a result of magnetic resonance imaging (MRI). Furthermore, this list includes most of the DRGs involving new high-cost technologies that were examined by ProPAC (1987) during the first 3 years of PPS.
Effects on across-diagnosis-related group case mix
In this section we identify DRGs with utilization growth related to the diffusion of technology. We then develop a measure of the contribution of the change in the proportion of cases in these DRGs to the overall $330 increase attributable to case-mix changes.
We expected that technological change would contribute to the case-mix effect in two ways. First, technological developments might enable the admission of patients whose conditions previously might not have warranted treatment on an inpatient basis. Second, the diffusion of technology might alter the distribution of cases across those DRGs for which classification is dependent on procedure codes. The effect on case mix of a third type of technological change-the diffusion of technology to outpatient settings and the resulting treatment on an outpatient basis of conditions that previously required an inpatient stay-will be addressed in the following section. Thus, we expected that the number of cases might increase in DRGs that experienced technological change.
There are other reasons, however, to expect the number of cases to increase in some DRGs. Many conditions are classified into one of a pair of DRGs, depending on whether complications or comorbidities (CCs) are present. Payment for the with-CC DRG is higher than that for the non-CC DRG. As hospitals gained experience with PPS, it is likely that they became more thorough in their search for, and more accurate in the coding of, the CCs that produce assignment to the higher paying DRG. Thus, even in the absence of technological change, the number of cases in a with-CC DRG might rise as the result of coding changes that shift cases from the non-CC counterpart.
The number of Medicare beneficiaries rose 5.5 percent between 1984 and 1987 (Prospective Payment Assessment Commission, 1992 . This growth in the size of the Medicare population provides an approximation of the increase in Medicare admissions that would have been expected in the absence of changes in medical practice. Therefore, we designated DRGs with a rise in the number of cases of at least 5.5 percent as DRGs with utilization increases attributable to technology-related To control for coding-related shifts of cases from a non-CC DRG to the with-CC counterpart, we applied the 5.5-percent criterion after adjusting the number of 1987 cases in with-CC DRGs. We subtracted from the 1987 cases any decrease from 1984 to 1987 in the number of cases in the non-CC counterpart DRG. If the with-CC DRG met the 5.5-percent criterion after this adjustment, then we combined the costs and cases in the CC pair and considered them as a single condition that experienced technology-related increases in utilization.
This process identified 109 DRGs, including 25 pairs of with-CC and non-CC DRGs. The list included 25 of the 84 DRGs that were identified as having increases in within-DRG intensity related to technological change. We did not conduct further analyses to determine whether these DRGs experienced identifiable changes in technology, and we cannot verify that volume increases in these DRGs were actually the result of the diffusion of technology. For example, although we attempted to control for the effect of population growth on utilization, some DRGs may have experienced volume increases resulting from a rise in the incidence or prevalence of certain conditions.
We estimated the effect of technology-related changes in the distribution of cases across DRGs by applying the following formula to the technology/ case-mix DRGs:
[Equation]
Here j indicates technology/case-mix DRGs, and i includes all DRGs. (x00304)C 84 is the overall average cost per case in 1984, C 84i is the average cost of DRGi in 1984, and Q 84i is the number of discharges in DRG i in 1984. This formula attributes to technological change only the portion of the case-mix effect resulting from utilization increases that exceeded the 5.5-percent rise in the number of Medicare enrollees. The result of this calculation is the dollar value of the change in average cost per case that is attributable to the technology-related ris 
Indicates DRG that experienced technological change in multiple cost centers. NOTE: Totals calculated before rounding. SOURCES: Medicare Cost Reports for the year proceeding the prospective payment system through year 5 of the prospective payment system. Medicare provider analysis and review (MEDPAR) for 1984 and 1987. conservative estimate of the effect of technology-related changes in the distribution of cases across DRGs. Cost-increasing across-DRG technology changes affected 55 conditions represented by 72 DRGs. The rise in the proportion of cases in these DRGs contributed to the increase in the overall average cost, because they had higher than average costs in 1984. The case-mix effect attributed to technology changes in these DRGs produced a 4.8-percent increase in the overall average cost.
By contrast, 24 conditions, represented by 37 DRGs, had cost-decreasing across-DRG technology effects, because they had lower than average costs in 1984. In these DRGs, the case-mix effect attributed to technology changes produced a 0.7-percent decrease in cost per case. The net effect of technology-related changes in the distribution of cases across DRGs was to Health Care Financing Review/Winter 1992/Volume 14, Number 2 raise average cost by $122. This was 26.4 percent of the 15.7 percent real increase in average cost-or 4.1 percentage points.
Effects of the outpatient shift
We suspect that much of the aggregate 11.65 percent drop in Medicare utilization between 1984 and 1987 was due to changes in medical practice that permitted the treatment on an outpatient basis of conditions that previously received care in inpatient settings. Changes in medical practice probably contributed to the outpatient shift in two ways. The first effect is an increase in the number of conditions that could be treated on an outpatient basis because of the diffusion of technology across outpatient settings. The second effect is a decrease in the number of admissions of patients with conditions for which inpatient care is not medically justified. For example, the sharp drop in the number of cases assigned to DRG 243 (medical treatment of back problems) may have been the result, in part, of scrutiny of these cases by peer review organizations.
In the following sections, we identify DRGs affected by the outpatient shift, and we measure the contribution of the outpatient shift to both within-and across-DRG changes in costs. Despite our use of the outpatient-shift label, we were not able to verify that volume declines in these DRGs were actually the result of outpatient shifts. For example, some volume declines may have been the result of a real reduction in treatment for certain conditions. For DRGs in which classification depends on procedure codes, changes in the distribution of cases across DRGs may also have occurred because of changes in the relative prevalence of alternative treatments.
Effects on within-diagnosis-related group intensity
In this section, we attempt to identify DRGs that experienced increases in average cost because of a shift to outpatient delivery of services. We also develop a measure of the contribution of higher average costs in these DRGs to the overall increase in average cost. We hypothesized that average intensity within some DRGs may have increased because low-cost cases that previously would have been admitted to hospitals are being treated increasingly on an outpatient basis. In DRGs with this type of intensity change, we would expect to see a decline in the number of discharges and an increase in average cost for the DRG. Furthermore, we expected that outpatient shifts would produce a larger percent increase in cost per case in the lower percentiles of the cost distributions of specific DRGs than in the higher percentiles. This effect of outpatient shift-the truncation of low-cost cases-would produce large increases in average cost in the affected DRGs.
We did not look for cost-decreasing changes in average within-DRG intensity. We thought high-cost cases within a DRG would be more likely to be shifted to a higher weighted DRG because of changes in coding practices than to be moved to an outpatient setting. Although such DRG creep would affect the average cost of specific DRGs, it would not directly affect the overall average cost per case.
We used patient bill data to identify DRGs that had real increases in average cost and large decreases in volume. We limited our search to DRGs with at least 1,000 discharges in the Medicare population. We selected DRGs that had a larger percent volume decline than the overall decline for all DRGs (that is, a decline of more than 11.65 percent). This produced a list of 75 candidate DRGs in which the truncation of low-cost cases contributed to increases in the average cost of these DRGs and to the overall increase in average cost. We did not conduct additional analyses to evaluate whether patients in the outpatient-shift DRGs had severity changes according to clinically defined measures of severity.
We created a file containing the cost percentiles for each candidate outpatient-shift DRG in each year. We calculated the percent change in cost per case at each cost percentile and the average of the percent changes for each decile. We selected DRGs in which the percent increase in cost per case in the first or second decile was significantly greater than the overall rates of increase within the DRG (p < .05), and neither the first nor second decile was below the mean. Note that the criterion is the mean percent change with equal weight on each percentile-based observation. This mean rate of increase will vary from the dollar-weighted mean percent change used elsewhere.
We identified 39 DRGs that appeared to have experienced increases in average cost because of truncation of low-cost cases. We compared this list with 15 DRGs that included procedures identified in a recent study (Witsberger and Kominski, 1990) as increasingly performed on an outpatient basis.
3 Only three of these DRGs (154, 269, and 270) were identified by our criteria as having experienced truncation of low-cost cases. Three DRGs (228, 259, 260) did not meet the selection criteria but were previously identified as having experienced technology-related increases in average cost.
It is noteworthy that DRGs 6, 39,262, and 364 were not identified by our selection criteria. In 1987, the number of discharges in these DRGs dropped to between 5 percent and 25 percent of the number of discharges in 1984. The selection criteria were designed to identify DRGs in which relatively low-cost cases were particularly likely to shift to outpatient settings. In these DRGs, however, it appears that the shift to outpatient settings was not limited to relatively low-cost cases. This phenomenon will be addressed in the following section.
To estimate the contribution of the candidate outpatient-shift DRGs to the increase in cost per case, we measured the area between the line showing percent change in cost per case by decile and the line showing the overall change in cost up to the point at which the lines first intersect (Figure 1 ). This area provides an estimate of the percent increase in the DRG's average cost resulting from truncation of low-cost cases. 4 We divided this amount by the observed percent increase to determine the proportion of the total increase in the DRG's cost per case that is the result of change in average case severity. We then multiplied the observed dollar increase in the DRG's average cost by this proportion. We weighted this result by the DRG's share of total discharges in 1987 to calculate the dollar value of the overall increase in average cost attributable to the loss of low-cost cases.
Eleven of the 39 DRGs were also identified as experiencing technology-related increases in average cost. To avoid double counting the contribution of these DRGs to the intensity component of the overall increase, we had to eliminate them from either the technology-change or the outpatient-shift category. Therefore, we chose to assign these DRGs to the category in which they made the greatest contribution to the overall increase. In all of these DRGs, the increase attributable to the within-DRG effects of technology exceeded the increase attributable to the within-DRG effects of the outpatient-shift. Among these DRGs, the outpatient-shift effect raised the overall average cost about 0.1 percent, whereas the technology effect produced a 0.8-percent increase in average cost. Therefore, we assigned these DRGs to the technology category. The initial set of 39 DRGs accounted for 6.3 percent of costs and 7.3 percent of discharges in 1987. The final set of 28 DRGs experiencing a truncation of low-cost cases accounted for 4.8 percent of costs and 5.5 percent of discharges in 1987.
The overall increase in cost per case because of the truncation of low-cost cases in the final list of 28 outpatient-shift DRGs accounted for less than $2 (0.3 percent) of the $464 increase.
Effects on across-diagnosis-related group case mix
In the preceding section, we identified DRGs in which the outpatient shift is likely to have raised average cost by removing relatively low-cost cases from the DRG. In this section, we identify DRGs that experienced large declines in utilization. We then measure the contribution of changes in the distribution of cases across these DRGs to the overall increase in average cost.
We defined a large decline in utilization as a drop of at least 34.95 percent in the number of Medicare cases between 1984 and 1987. This is three times the overall percent decline in the number of Medicare cases in the sample. To control for changes in coding practices that might shift cases from a non-CC DRG to its with-CC counterpart, we applied the utilization change criterion to the sum of cases in each CC pair and treated each CC pair as a single condition. We limited our search to DRGs and CC pairs with at least 1,000 Medicare cases in 1984.
This process identified 100 DRGs that experienced large changes in utilization including 29 pairs of with-CC and non-CC DRGs. All of the procedures identi by Witsberger and Kominski (1990) , except gastroscopy, were represented by DRGs on this list. The list also includes 14 of the 28 DRGs identified as having experienced increases in within-DRG intensity related to truncation of low-cost cases.
We estimated the effect of outpatient-shift-related changes in the distribution of cases across DRGs by applying the following formula to the outpatient-shift/case-mix DRGs:
Here j indicates outpatient-shift/case-mix DRGs and i includes all DRGs. (x00304)C 84 is the overall average cost per case in 1984, C 84i is the average cost of DRG i in 1984, and Q 84i is the number of discharges in DRG i in 1984. This formula attributes to outpatient shift only that portion of the case-mix effect resulting from utilization declines that exceeded the 11.65-percent decrease in the number of Medicare cases. The result of this calculation is the dollar value of the change in average cost per case attributable to the outpatient shift. We believe this is a conservative estimate of the effect of outpatient-shift-related changes in the distribution of cases across DRGs.
The across-DRG effects of outpatient shifts were cost increasing for 66 conditions, represented by 94 DRGs. The drop in the number of cases in these DRGs contributed in the overall rise in average cost, because these DRGs cost less than the overall average in 1984. The case-mix effect attributed to outpatient shift in these DRGs produced a 3.4-percent increase in the overall average cost.
By contrast, five conditions (six DRGs) had cost-decreasing across-DRG outpatient-shift effects, because they had higher than average costs in 1984. In these DRGs, the case-mix effect attributed to outpatient shift produced a 0.2-percent decrease in cost per case. The net effect of outpatient-shift-related changes in the distribution of cases across DRGs was to raise the average cost by $95. This was 20.4 percent of the overall increase in average cost.
Intermediate product quantities and costs
The Medicare Cost Reports and patient bill files provide information that allow us to estimate the cost of services used at the cost-center level to produce a discharge. However, these data do not permit the disaggregation of these costs into the quantity and cost of intermediate products. The California Office of Statewide Health Planning and Development's Hospital Disclosure Reports do provide such information on the quantity and cost of intermediate products. By merging disclosure report data with the Medicare patient bills for discharges from California hospitals, we were able to disaggregate changes in costs at the cost-center level into changes in the quantity and cost of intermediate products.
The disclosure reports measure the quantity of intermediate products in a standard unit of measurement (SUM) for each cost center. For example, the SUM is days for the daily service cost center and American College of Pathology workload units for the clinical laboratory cost center. The methodology for calculating the quantity and cost of intermediate products at the DRG/cost-center level is described elsewhere (Kominski and Bradley, 1993) .
We used the 11.7-percent increase in the California Weighted Hospital Input Price Index (CWHIPI) to deflate 1987 costs to 1984 levels. 5 The average cost per Medicare case for discharges from California hospitals was $3,941 inl984 and $4,629 in 1987. These costs are approximately one-third higher than the average for all States.
We examined changes at the cost-center level in both the cost of producing intermediate products and the quantity of intermediate products consumed per discharge. We calculated the percent change in the real cost per unit of intermediate product by dividing real dollars per SUM in 1987 by the corresponding amount in 1984. An increase in the cost per SUM may indicate a reduction in cost efficiency at the cost-center level. However, some efficiency changes may be an artifact of differences between the mix of inputs used at the cost-cente CWHIPI. Some changes may also be the result of inadequacies of the SUMs as measures of resource consumption.
We also developed case-mix-adjusted and aggregate measures of changes in service intensity using the percent change in the number of intermediate products consumed per discharge. The case-mix adjusted measure shows differences in service intensity for the 1984 distribution of cases. By contrast, the aggregate measure shows the cumulative effect on the consumption of intermediate products of changes in both service intensity and the distribution of cases across DRGs.
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The CWHIPI uses a methodology similar to the market basket used by Medicare, but it substitutes State or regional values for many of the market basket components. Unit costs rose in the daily service cost centers (Table 4) . This may indicate an increase in average severity, such that patients require more nursing and other daily service inputs. The 17-percent increase in case-mix-adjusted intensive care days per discharge suggests that there was a rise in the average severity of illness within DRGs. However, the increase in unit costs may also indicate that fixed costs are being spread over fewer patient days or that hospitals have not adjusted their labor and other variable inputs to offset changes in utilization.
Unit costs rose in five ancillary service cost centers, whereas efficiency improved in the remaining seven cost centers. We speculate that advances in blood-screening techniques maybe responsible for some of the increase in blood bank unit costs. We also suspect that diffusion of computer-assisted tomography and MRI technologies may be responsible for the dramatic increase in radiology intermediate products per discharge.
The aggregate changes in the quantity of intermediate products per discharge are larger (more positive) than the case-mix-adjusted quantity changes in all cost centers except radiology. This suggests a shift in the distribution of cases toward DRGs with greater consumption of intermediate products. The case-mix-adjusted utilization of intermediate products declined in 6 of the 12 ancillary cost centers. These declines in occupational therapy, physical therapy.and speech therapy are probably related to the sharp drop in inpatient days.
Intermediate product quantity and cost decomposition
In the national sample, we were able to measure the contributions to the overall increase in average cost of changes in case mix and changes in intensity at the DRG level. The additional detail in the California data set permits us to decompose the DRG-level intensity effect into changes in the quantity and the cost of intermediate products:
Here (x00304)C 84 is the overall average cost per case in 1984, C 84i is the average cost of DRG i in 1984, p 87i is the proportion of discharges in DRG i in 1987, S ij is the quantity of intermediate products consumed per discharge in cost center j in DRG i , P ij is the cost per unit of intermediate product in cost center j in DRG i , and is the value of the variable in 1987 minus the value in 1984.
The first factor on the right-hand side shows the effect of changes in case mix on average cost, holding DRG costs constant at their 1984 levels. The second factor shows the independent contribution of changes in the quantity of intermediate products consumed per discharge to the overall increase in average cost. The third factor is the increase in the cost of producing intermediate products at the DRG/cost-center level. The cost factor is a residual. It is the change in the cost of intermediate products that remains unexplained after controlling for changes in case mix and in the quantity of intermediate products consumed per discharge.
The average cost of a Medicare case in California hospitals rose $688, or 17.4 percent. About $433 (11.0 percentage points) is attributable to changes in case mix. Changes in the quantity of intermediate products per discharge accounted for $102 (2.6 percentage points) of the overall increase. The net increase in the cost of intermediate products was 
--
NOTES: Input prices and quantity effects are multiplicative. The components of quantity were estimated using an additive decomposition, however. Case-mix change is estimated holding costs at 1984 levels, and intensity change is estimated for 1987 case mix. Totals and percents calculated before rounding. SOURCES: Medicare Cost Reports for the year preceeding the prospective payment system through year 5 of the prospective payment system. Medicare provider analysis and review (MEDPAR) for 1984 and 1987. California Hospital Disclosure Reports for disclosure years 9-13. responsible for the remaining $152 (3.9 percentage points) of the rise in costs.
The decomposition of changes in cost per case for California discharges generally is consistent with the results of the analysis of national data. In both analyses, case-mix change accounted for approximately 11 percentage points of the real increase. The contribution of intensity change was almost 2 percentage points higher in the California analysis than in the national level analysis. In both analyses, however, we were able to explain 35 to 40 percent of the within-DRG effect on costs by changes in the services provided to patients. Thus, in the national sample, 1.6 percentage points of the 4.5 percent intensity increase were attributable to changes in technology and case severity. In the California analysis, 2.9 percentage points of the 6.4-percent intensity increase were attributable to changes in the quantity of intermediate products.
Discussion
The fundamental finding of this study is that hospital costs increased because the product changed-a hospital stay in 1987 was a different and more expensive product than a hospital stay in 1984. The components of the increase in costs in both the national and California analyses are summarized in Table 5 .
Changes in case mix account for more than 70 percent of the 15.7 percent real increase in cost per case. Almost one-half of the aggregate real increase (7.4 percentage points) was attributed to changes in the distribution of cases across DRGs because of the technological diffusion and the outpatient shift.
Changes in within-DRG intensity accounted for the remaining real increase in average cost. The effects of the diffusion of high-cost technology in 84 DRGs accounted for approximately one-third of the total within-DRG increase in costs. By contrast, the effect on overall average cost of the truncation of low-cost cases was negligible. In retrospect, it is clear that the relatively low average cost of cases in these DRGs explains the limited contribution to increases in average cost: A small dollar increase produces a much larger percent increase in the average cost of a low-cost DRG than in the overall average cost. Two-thirds of the within-DRG effect remains unexplained.
It is reassuring that we can explain approximately 80 percent of the increase in average cost, because we can identify differences in the product that appear to justify the higher cost. It is troubling because we cannot be certain that we are getting our money's worth for the new product. For example, the California analysis indicates that, on average, a patient admitted in 1987 consumed nearly 3 percent more intermediate products than a patient with the same condition would have consumed in 1984. Did this increase in consumption of intermediate products produce better quality care? If so, was the improvement in quality sufficient to justify the additional expense? We did not attempt to measure changes in the quality of care, so these questions remain beyond the scope of our study.
The largest component of the increase in average cost is the change in case mix. Despite our use of the 1987 grouper on all discharges, some of these differences may be due to changes in coding practices. However, even though coding practices may affect revenues, they should not have much effect on costs. If cases are moved between DRGs to capture higher payments, we would expect the average intensity of treatment (measured by consumption of intermediate products at the DRG/cost-center level) to decrease in the higher-cost DR costs at the DRG/cost-center level. We conclude, therefore, that the change in case mix does reflect real differences in the mix of conditions and procedures for which Medicare patients are admitted to hospitals. Between 1984 and 1987 , discharges of Medicare patients fell by nearly 12 percent, and the mix of conditions and procedures for which patients were admitted has changed dramatically. Thus, it appears that patients with conditions that would have been treated on an inpatient basis in 1984 were not being admitted in 1987. Are these patients being served on an outpatient basis, and, if so, is the care they receive cost effective and of appropriate quality? Alternatively, have these patients been shifted out of hospitals into less accessible, less cost-effective, or lower quality care?
We cannot address the relative accessibility or quality of outpatient care. However, the unexplained 3-percentage-point increase in within-DRG cost per case may be relevant to comparisons of the cost effectiveness of inpatient and outpatient care. Some of this residual increase in average cost may represent the allocation of fixed costs over a declining number of patients. Because these fixed costs exist whether a patient is treated on an inpatient or outpatient basis, they should be factored into any short-to-medium term cost-effectiveness evaluation.
The unexplained increase in average cost per case merits further analysis. To the extent that it represents the allocation of fixed costs over fewer patients, it is an important factor to be considered in setting payment levels for services delivered in inpatient and outpatient settings. However, if the unexplained increase in cost per case represents a continuing failure to control costs, then it may be necessary for policymakers to develop new policies and strengthen existing policies to provide hospital managers with the incentive and ability to better control costs.
